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INTRODUCTION

The U.S. Army Environmental Center (USAEC) recently completed a demonstration of
windrow composting of explosives-contaminated soils at Umatilla Depot Activity (UMDA)
in Hermiston, Oregon. This demonstration represented the second phase of field studies
conducted at UMDA, and was part of an ongoing effort to develop a composting system
which can provide an economical and effective alternative to incineration for the treatment

of explosives-contaminated soils and sediments.

Most of the research, engineering, and technology development associated with these
composting studies have addressed chemical and microbiological aspects of the composting
process, including contaminant removal efficiencies, optimal operating conditions, and
amendment selection. Less effort has been devoted to developing materials handling
strategies. Efficient storage, handling, and disposal of compost, soil, and amendments have
been minor concerns in the field-scale demonstrations, but they will become increasingly

complex and warrant considerable attention in full-scale operations.

Of the materials handling concerns, one of the most critical is the volume of finished
compost that will require disposal. A frequently cited disadvantage of composting,
particularly for hazardous wastes, is that the final product has a greater volume than the
original soil or sediment that was excavated for treatment. This is due to the addition of
amendments and bulking agents to these soils during the formation of the compost mixture.
As a result, if the finished compost is backfilled in the excavation from which the original
contaminated soil was removed, there will be an excess volume that must be mounded over
the excavation site and capped to promote proper drainage. If space is limited or mounding

is not an option for other reasons, this excess compost may require offsite disposal.

In general, estimates of final compost volumes have been based upon rough assumptions,
and in some cases, these volumes have been greatly overestimated. The purpose of this
report is to present a preliminary estimation of the final compacted volume of treated

compost to be backfilled at UMDA following full-scale remediation of the washout lagoons
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soils. The calculations have been based on a combination of field observations, laboratory
analyses, and theoretical calculations. Ultimately, the final compost volume is presented in
terms of the initial in-place volume of explosives-contaminated soils to be excavated from

the washout lagoons site at UMDA.

GENERAL PROCESS DESCRIPTION

Figure 1-1 presents a flow diagram of the changes in material volume throughout the
composting process. The initial in-place ("in-situ") contaminated soil volume to be excavated
(V,), represents the primary independent variable in the calculation. This in-place soil
volume is determined through a combination of soil sampling to deiineate the extent of the
contamination, and risk-based clean-up criteria to specify which soils must be excavated and
treated. Once the in-place volume of soil to be excavated has been determined, all other

volumes can be estimated in terms of this initial volume.

The excavation of the soils results in a stockpiled volume (V,) of unconfined soil which is
slightly greater than the original in-place volume due to a natural bulking of the material
upon removal. These stockpiled soils are then incorporated into the initial compost mixture,
resulting in an increased material volume (V3). The extent of this volume increase is
dependent on the soils loading rate specified by the compost recipe. Clearly, the higher the
percentage of soil in the compost, the lower the overall volume of compost which will be
created. Field studies have shown, however, that there is a limit to the soil percentage that
can be successfully composted. As a result, soil loading rates of 10-40 percent by volume
represents the standard range for composting of explosives-contaminated soils (1,2,3). This
equates to an initial mixed compost volume (V3) from 250% to 1000% of the unconfined

soil volume (V,).

Once the compost mixture has been blended and formed into windrows, the volume of
material will gradually decrease over time for a variety of reasons. Part of this volume
decrease is due solely to the pulverization of the compost material by the windrow turner

which results in smaller particle size and less pore space in the compost pile. In addition,
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a substantial portion of the organic matter will be respired by microorganisms to carbon
dioxide and water which will then escape from the pile into the air. Based on the
observations made during the field demonstration at UMDA, it appears that the decrease
in volume (V,) of the windrow by the end of the composting period will be 30 to 40% of

the initial compost volume.

Finally, this finished compost material must be backfilled into the original excavation.
Provided that the material is carefully replaced and compacted in thin lifts, a substantial
reduction in the volume of the compost may be attainable. The extent of the compaction
and volume reduction can be estimated by standard laboratory compaction tests conducted
on representative samples of compost. Knowing this final compacted compost volume (V)
in terms of the original in-place soil volume (V;) is necessary to determine whether
substantial excess compost will be created by the composting process, and whether
backfilling the excavation and mounding this excéss compost will be feasible for the site in

question.

DETAILED ANALYSIS FOR WASHOUT LAGOONS

The procedure presented above for determining final compost volumes is a generic
procedure which can be used for any composting site. Many of the calculations required
to obtain actual volumes, however, are based on compost-specific characteristics such as
amendment selection, soil loading rates, type of composting operation (windrow vs. static
pile), and duration of each composting cycle. For the soils at UMDA, conventional windrow
composting (as opposed to aerated windrow or aerated static pile composting) has been
shown to be most effective at reducing the explosives levels in the soils (4). As a result, it
is anticipated that a conventional windrow composting system will be employed for the full-
scale remediation of the explosives washout lagoons soils at UMDA. The data and
observations obtained from the field demonstration have been used to develop a
quantitative relationship between the in-place soil volumes determined during the Remedial
Investigation of the site, and the final backfilled compost volumes which will be created as

a result of the full-scale composting project.
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During the Remedial Investigation conducted for the explosives washout lagoons at UMDA,
the volume of soil for excavation was estimated based on four different clean-up scenarios.
Under the most stringent scenario, nearly 27000 cubic yards of soil would need to be
removed, while under the least restrictive clean-up scenario, only 2100 cubic yards would
be excavated (5). It is anticipated that the actual full-scale remediation will require the
excavation of é volume of soil somewhere between these two extremes. As a result, the
calculations that follow assume an initial in-place soil volume (V,), independent of the

selected clean-up scenario.

During the excavation of the in-place soils (V;), there will be a natural bulking of the soil
which will result in an unconfined soil volume (V) slightly greater than the in-place volume.
While the Feasibility Study report (5) assumed a bulking factor of 0.2, experience has shown
that a more conservative value of 0.25 may be more appropriate. As a result, the volume
of unconfined soils resulting from the excavation of the washout lagoons can be expressed

as:
V,=125*V,

In the next step, the unconfined soils will be blended with the amendments and bulking
agents to create the initial compost mixture. Based on the results obtained for the field-
scale windrow composting demonstration, it appears that a soil loading rate as high as 30%
by volume can be successfully implemented for the composting of the washout lagoon soils.
This 30% loading rate means that the remaining 70% by volume of the initial compost
mixture will be composed of the carefully selected amendments and bulking agents. This
equates to a 333% increase in total material volume from the unconfined stockpiled soils
(V,) to the initial mixed compost (V3). In terms of the original in-place soil volume, the

initial mixed compost volume can be expressed as:

' V3 = V1 * 1.25 * 3.33 = 4,16 * Vl
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The above expression indicates that the initial compost mixture volume will be about four

times as great as the initial in-place soils prior to excavation.

Once mixed, the compost will undergo a gradual volume reduction due to a combination of
factors. First, the ‘machinery used to turn the windrows has been shown to pulverize the
compost and reduce the particle size of much of the material. This results in less pore space
and a more tightly packed material by the end of composting cycle than existed at the
beginning. In addition, a significant portion of the organic matter is respired by
microorganisms during the cycle, which results in the conversion of solids to carbon dioxide

and water, which are subsequently released from the pile into the air.

Based upon observations and rough measurements taken during the field-scale
demonstration at UMDA (see Appendix A), it appears that by the end of a typical 40-day
conventional windrow composting cycle, the compost will undergo a 30% to 40% loss in
volume (i.e 60% to 70% remaining). In terms of the initial in-place soil volume, therefore,

the final compost volume (V) is given by:
V4= (0610 0.7) * V3 = (25t02.9) *V,

This indicates that at the end of composting, there will be a volume of material left for
disposal that is about two and one-half to three times the original in-place volume of soil

excavated.

To determine the further reduction in volume of this material due to compaction when it
is backfilled into the original excavation, a set of samples were taken from both the aerated
(CWR7) and unaerated (CWRS) contaminated windrow composts remaining from the field
demonstration. These samples were taken from composts that had been stored in 55-gallon
drums following completion of the field studies, however, this storage should not have
affected the results of the laboratory analyses. These samples were shipped to WESTON’s
Environmental Technology Laboratory where they were analyzed for grain-size, plasticity,

natural moisture content, and specific gravity. In addition, a Modified Proctor compaction
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test was performed for each sample to determine the moisture-density relationship for the
finished compost materials. The results, (presented in Appendix B) indicated that samples
taken from the same windrows had similar moisture-density relationships, however, the
aerated windrow samples had a maximum dry density of 92 pounds per cubic foot (pcf) at
an optimal moisture content of about 20% (dry basis), while the unaerated windrows
demonstrated a maximum dry density of 84 pcf at an optimal moisture of 27%. This
difference between the two windrows may be attributed to a difference in compost
composition between the two windrows resulting from the aeration variable. Nonetheless,
the samples from both windrows classify as silty sand (based on the Unified Soil
Classification System), were non-plastic, exhibited a natural moisture content of
approximately 40% (dry basis), and were composed of solids with a spec1tfic gravity of about
2.6.

To calculate the reduction in the compost volume due to backfilling that will occur in the
full-scale operation, it was assumed that a conventional windrow will be used, therefore,
compaction study results for the unaerated windrow (CWR8) were used in the calculations.
It was also assumed that up to 95% of the maximum dry density determined in the
laboratory can actually be obtained using controlled, thin-lift backfill placement and
compaction techniques. Using the conservation of mass law, the volume reduction
calculation simplifies to determining the number of unit volumes of finished compost which
will provide the weight of solids that will be contained in a unit volume of the backfilled
compost if it is compacted to 95% of the maximum dry density determined through the

laboratory analysis of the compost samples.

The first step in these calculations is to carefully characterize the finished compost material
in terms of the total volume and proportions of solids, water, and pore space. These are

given by the following basic soil mechanics equation:

V=V, +V, +V,

where,

V,; = total volume of finished compost (consider 1 ft.3)
V, = volume of solids in the compost

2797.ad 7
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V, = volume of air space in the compost
V,, = volume of water in the compost

The bulk density (wet basis) of the final compost in the conventional windrow was
determined previously during biochemical and microbiological studies (6) and was 63 pcf.
Knowing this, and using the known moisture content (dry basis) and solids specific gravity
of 40% and 2.6 respectively, the volume percentages for each of the compost constituents

(solid, water, and air) can be calculated as follows (see Appendix C for definition of terms):

_r Ywet " .
V; [W] (Gsx62.4)

63

— =~ ]+ (2.6X62.4
1+0.40:| ( )

=(

V,;=0.28£ft3(28%)

t ..
V,;=w[ g:f;)]T62.4

=0.40(—23 _)+62.4
1+0.40

V,;=0.29ft.3(29%)

and therefore,

\Y%

\Y%

ai ti

=1 - (0.28 + 0.29)

- (Vg + V)

V.. = 0.43ft3(43%)

Next, it was assumed that the compost can be compacted to 95% of its maximum dry

density, which is a typical requirement for structural fill that can be attained with standard
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Next, it was assumed that the compost can be compacted to 95% of its maximum dry
density, which is a typical requirement for structural fill that can be attained with standard
backfill equipment and verified with field instruments. From the moisture-density
relationship presented for the conventional windrow samples (Appendix C) at 95%
compaction, the moisture content will be approximately 33% (dry basis) and the dry density
will be 80 pcf. For simplicity, it can be assumed that the volume and weight of dry solids
in the compost material will not change during backfilling. As a result, if one calculates the
weight of dry solids in a unit volume of finished compost, and compares the result with the
known backfilled dry density of 80 pcf, then the number of finished compost volumes
necessary to create a single backfilled volume can be calculated, and this can ultimately be
expressed in terms of the initial in-place soil volume. The previous calculations showed that
each cubic foot of finished compost is 28% solids by volume. Knowing that the specific
gravity of the solids is 2.6, then the weight of solids in each cubic foot of finished compost

is given by:
W, = 0.28 ft.3 * 2.6 * 62.4 pcf ~ 45 pounds

This indicates that for every unit volume of backfill, 80/45 or 1.78 unit volumes of finished

compost will be required. In terms of the original volume of in-place soils, this is:

1.78 1.78

Vg = (140 to 1.63) x V,

The above results indicates that for every cubic yard of contaminated soil that is excavated,

there will be an extra 0.40 to 0.63 cubic yards of material volume in the backfill.
The one last calculation which is necessary is a moisture balance on the material. From the

volume percentages calculated previously, the volume of water in 1.78 cubic feet of finished

compost is given by:

2797.ad 9
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Vv, = 178 x 029 = 052 fi3

Following compaction, the volume of the compost is reduced to 1 cubic foot and the volume

of moisture in this cubic foot is given by:
V. = (033 x 80) + 624 = 042 f>

This indicates that 0.10 cubic feet of water will be squeezed from the compost for every 1.78
cubic feet that are backfilled. Much of this water will evaporate from the surface of the
backfill. Any water that drains from the backfill will be collected and either recycled into

the composting operation or placed within the evaporation ponds at UMDA.

IMPLICATIONS OF CALCULATIONS

The results of the calculations indicate that for every cubic yard of in—place‘ soils which are
excavated, a backfilled volume of up to 1.6 cubic yards will be created. Under the current
proposed remediation at the washout lagoons, 3900 cubic yards of in-place soil would be
excavated, which according to these calculations, will result in about 6200 cubic yards of
backfilled material. This material will be backfilled into the original excavation (3900 cubic
yards), and also into the existing lagoons which have a volume of about 1200 cubic yards.
This leaves a total of 1100 cubic yards which will need to be mounded above the ground
surface. If spread evenly over the surface of the site, this mound would be only 1.7 feet
deep. Of course to promote runoff, the excess material may have to be mounded higher in

the center and less around the perimeter.
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APPENDIX A
ESTIMATION OF AV DURING COMPOST CYCLE

As part of the calculation of final compost volume, it is necessary to estimate the total
volume reduction which will occur due to both pulverization of the compost by the windrow
turner and biological degradation of the organic matter. This volume reduction is very
compost-specific and depends upon such factors as soil loading rates, types and amounts of
specific amendments and bulking agents, type of composting system employed, and the
duration of the composting cycle. As a result, it was determined that the most accurate way
to assess this vollime reduction would be to base it on observations of the windrow

dimensions before and after composting.

The estimation of volume reduction was conducted for two different windrows (one
uncontaminated and one contaminated) both of which contained an initial compost mixture
composed of 30% soil by volume. | For the uncontaminated windrow, the recipe called for
an initial compost volume of 31 cubic yards of material. The approximate windrow

dimensions after the 40-day composting cycle were as follows:

base width = 10.5 ft
top width = 1 ft
height = 2.75 ft
length = 28 ft

Calculating the volume of the compost based upon these dimensions gives a final compost
volume of 16.4 yd3. This is equivalent to a 47% decrease in volume. For the contaminated
windrow, the initial recipe again called for 31 yd3 of material. However, an additional 5 yd>
of amendment materials were later added as part of a supplementation study. The final

dimensions of this pile at the end of the composting cycle were:

. base width = 10 ft
. top width = 1 ft

. height = 4 ft

. length = 28 ft

2797.ad A-1
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This is approximately equal to 25.2 yd> of compost which is equivalent to a 30% reduction

in volume.

Because the above two calculations yielded varied results, a third calculation was performed
to try to theoretically predict the volume reduction to be expected. This calculation
assumed that the observed 20% increase in bulk density of the compost over the 40-day
cycle was due to the mineralization of the lighter organic portion of the compost, resulting
in a higher proportion of the higher density soil in the mixture. This calculation predicted

a 38% reduction in volume.

Based on these three calculations, it was estimated that a 30% to 40% volume reduction
would be an accurate, yet conservative estimate of the material loss in a windrow
composting operation based on a recipe similar to that used in the field demonstration at

UMDA.
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Inter-Office Memorandum %@

TO: Bill Lowe cc: Jamie Coffman
FROM: Russell Frﬁ(/‘ DATE: 26 May 1993
PROJECT: Umatilla W.0. NO.: 02281-012-001-0006

SUBJECT: Geotechnical Testing Results

ACTION:

Geotechnical testing results for the Umatilla project are attached. Four (4) soil samples, job
number 9304X014 were submitted to WESTON’s Environmental Technology Laboratory (ETL)
on 30 April 1993 for geotechnical testing.

The geotechnical tests requested are presented in the attached custody transfer/work request.

The geotechnical tests performed including reference method and test number are presented in
Table 1.

If you require additional information or have any questions, please call me at
(215) 524-6173.

4-08-004/A-5/85



Table 1
Geotechnical Tests Performed, Reference Methods and Test Numbers

Test Numbers

Grain Size by Sieve and Hydrometer D 421/422 4
Liquid and Plastic Limits D 4318 4
Natural Moisture Content D 2216 3
Bulk Density (Undisturbed) D 2937 3
Modified Proctor Compaction Test D 1557 4

! All analytical methods derived from the Annual Book of ASTM Standards, Section 4, Volume 4.08, Soil
and Rock; Building Stones; Geotextiles, American Society of Testing Materials, Philadelphia, PA, 1991
unless noted otherwise.
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WESTON ENVIRONMENTAL TECHNOLOGY LABORATORY

SOIL COMPACTION TEST DATA AND RESULTS

PROJECT UMATILLA PROJECT SAMPLE ID CWR-7A
JOB NUMBER 9304X014 ETL SAMPLE NUMBER 001
W. O. NUMBER 02281-012-001-0006-00|TEST DATE 5/11/93
SOIL PROPERTIES
Soil Description Natural Plastic Liquid
brown SAND with 4% gravel and 24% silt USCS Moisture Limit Limit Specific
Class % %W %W Gravity
SM 39.9 non- plastic 2.60
COMPACTION PARAMETERS
Test Method Mold Size Compaction Method
Modified proctor Diameter Height Volume Rammer # of # Blows
Method A inches inches cC Weight, Ib | Drop, inch | Layers per Layer
minimum 4 points 3.984 4.570 933.7 10.0 18 5 25
COMPACTION TEST MEASURED RESULTS
Dry Unit Weight, pct 90.6 92.3 90.4 88.5 86.8 82.1
Moisture Content, % 18.1 20.9 24.5 27.8 29.5 32.7
Saturated Moisture Content, % 30.5 20.2 30.6 32.1 33.5 37.6
95% Saturated Moisture Content, % 28.9 27.7 29.1 30.5 31.8 35.7
COMPACTION CURVE ANALYSIS/RESULTS
% of Maximum Dry Density 95 90 85
Dry Density, pcf 87.7 83.1 78.5
Moisture Content, % 28.2 32.4 36.0
% Points Wet of Optimum 7.3 11.5 15.1

NOTES




WESTON ENVIRONMENTAL TECHNOLOGY LABORATORY

UMATILLA PROJECT SAMPLE CWR-7A

COMPACTION TEST RESULTS - MODIFIED PROCTOR (METHOD A)
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WESTON ENVIRONMENTAL TECHNOLOGY LABORATORY

SOIL COMPACTION TEST DATA AND RESULTS

PROJECT UMATILLA PROJECT SAMPLE ID CWR-7B
JOB NUMBER 9304X014 ETL SAMPLE NUMBER 002
W. O. NUMBER 02281-012-001-0006-00|TEST DATE 5/11/93
SOIL PROPERTIES
Soil Description Natural Plastic Liquid
brown SAND with 4% gravel and 22% silt USCS Moisture Limit Limit Specific
Class % %W %W Gravity
SM 40.4 non- plastic 2.60
COMPACTION PARAMETERS
Test Method Mold Size Compaction Method
Modified proctor Diameter Height Volume Rammer # of # Blows
Method A inches inches cc Weight, Ib | Drop, inch | Layers | per Layer
minimum 4 points 3.984 4.570 933.7 10.0 18 5 25
COMPACTION TEST MEASURED RESULTS
Dry Unit Weight, pcf 89.9 91.2 90.9 90.8 89.2 85.8
Moisture Content, % 16.5 18.5 21.0 22.9 27.7 29.8
Saturated Moisture Content, % 31.0 30.0 30.2 30.3 31.5 34.3
95% Saturated Moisture Content, % 29.5 28.5 28.7 28.8 29.9 32.6
COMPACTION CURVE ANALYSIS/RESULTS
% of Maximum Dry Density 95 90 85
Dry Density, pcf 86.6 82.1 77.5
Moisture Content, % * 29.3 33.0 37.3
% Points Wet of Optimum 10.8 14.5 18.8

NOTES




WESTON ENVIRONMENTAL TECHNOLOGY LABORATORY
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UMATILLA PROJECT SAMPLE CWR-7B

COMPACTION TEST RESULTS - MODIFIED PROCTOR (METHOD A)
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WESTON ENVIRONMENTAL TECHNOLOGY LABORATORY

SOIL COMPACTION TEST DATA AND RESULTS

PROJECT UMATILLA PROJECT SAMPLE ID CWR-8A
JOB NUMBER 9304X014 ETL SAMPLE NUMBER 003
W. O. NUMBER TEST DATE 5/11/93
SOIL PROPERTIES
Soil Description Natural Plastic Liquid
brown SAND with 4% gravel and 23% silt USCS Moisture Limit Limit Specific
Class % %W %W Gravity
SM 40.6 non- plastic 2.57
COMPACTION PARAMETERS
Test Method Mold Size Compaction Method
Modified proctor Diameter Height Volume Rammer # of # Blows
Method A inches inches cc Weight, Ib | Drop, inch | Layers per Layer
minimum 4 points 3.984 4.570 933.7 10.0 18 5 25
COMPACTION TEST MEASURED RESULTS
Dry Unit Weight, pct 80.8 81.8 82.9 83.5 82.2 81.5
Moisture Content, % 16.6 19.2 22.3 27.8 30.2 31.6
Saturated Moisture Content, % 38.4 37.4 36.4 35.8 37.0 37.6
90% Saturated Moisture Content, % 34.5 33.7 32.8 32.2 33.3 33.9
COMPACTION CURVE ANALYSIS/RESULTS
% of Maximum Dry Density 95 90 85
Dry Density, pcf 79.3 75.2 71.0
Moisture Content, % 33.8 37.8 42.0
% Points Wet of Optimum 6.0 10.0 14.2

NOTES




WESTON ENVIRONMENTAL TECHNOLOGY LABORATORY

UMATILLA PROJECT SAMPLE CWR-8A
COMPACTION TEST RESULTS - MODIFIED PROCTOR (METHOD A)
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WESTON ENVIRONMENTAL TECHNOLOGY LABORATORY

SOIL COMPACTION TEST DATA AND RESULTS

PROJECT UMATILLA PROJECT SAMPLE ID CWR-8B
JOB NUMBER 9304X014 ETL SAMPLE NUMBER 004
W. O. NUMBER 02281-012-001-0006-00|TEST DATE 5/11/93
SOIL PROPERTIES
Soil Description Natural Plastic Liquid
brown SAND with 5% gravel and 26% silt UsCs Moisture Limit Limit Specific
Class % %W %W Gravity
SM non- plastic 2.57
COMPACTION PARAMETERS
Test Method Mold Size Compaction Method
Modified proctor Diameter | Height Volume Rammer # of # Blows
Method A inches inches cc Weight, Ib | Drop, inch | Layers | per Layer
minimum 4 points 3.984 4.570 933.7 10.0 18 5 25
COMPACTION TEST MEASURED RESULTS
Dry Unit Weight, pcf 79.9 81.9 83.9 85.1 84.1 82.8
Moisture Content, % 18.3 22.9 23.7 25.4 29.5 31.4
Saturated Moisture Content, % 39.2 37.3 35.5 34.5 35.3 36.5
90% Saturated Moisture Content, % 35.3 33.6 32.0 31.0 31.8 32.8
COMPACTION CURVE ANALYSIS/RESULTS
% of Maximum Dry Density : 90 85
Dry Density, pcf 76.6 72.3
Moisture Content, % ) 37.5 41.2
% Points Wet of Optimum 12.1 15.8

NOTES




'WESTON ENVIRONMENTAL TECHNOLOGY LABORATORY
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UMATILLA PROJECT SAMPLE CWR-8B
COMPACTION TEST RESULTS - MODIFIED PROCTOR (METHOD A)
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DEFINITION OF TERMS
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APPENDIX C

DEFINITION OF TERMS

Volume of solids in 1 ft> of finished compost
Bulk density of finished compost (Ibs/ft3)
Specific gravity of the compost solids
Volume of water in 1 ft3 of finished compost
Volume of air in 1 ft> of finished compost
Weight of solids in 1 ft3 of finished compost
Compacted volume of compost in backfill

Volume of water in 1 ft3 of backfilled compost



